ABSTRACT
INTRODUCTION
The Rhizomes of turmeric (Curcuma longa), java turmeric (Curcuma xanthorrhiza) and cassumunar ginger (Zingiber cassumunar) are widely used in Indonesian traditional medicine (jamu). These three rhizomes are generally having a yellow or orange color due to the present of curcuminoids. Physically, to differentiate these three rhizomes is not difficult but it's become more difficult if they are pulverized as powder or cut into slice. In Indonesia herb market, the price of java turmeric is normally 3-5 times higher than turmeric and cassumunar ginger. This is one of the reasons why especially turmeric sometimes is found as adulterants of java turmeric. Therefore, an accurate analytical method is essentially required for the identification, authentication and differentiation of these herbs to ensure the safety, quality, and consistency of their products.
The components in herbal medicines are the basis of medical efficacy, while the variation in content and components could makes the variation efficacy stability. Furthermore, this condition will cause the quality control more difficult. Since the efficacy of herbal medicines depends on the synergestic action many components, the contents of part compounds can not represent its integral quality. So the methods of quality control should depend on the utilization of information on all components to evaluate the quality of herbal medicines [1] . Recently, chromatographic fingerprint analysis has been attracting more people's attention and accepted by the World Health Organization (WHO) [2] . Chromatographic fingerprint is a sufficient-used method in profiling the overall compound because the retention factor which represents the characteristics of component will represent the complexity of the analyte in the sample. Thin Layer Chromatography (TLC) is frequently used to obtain a fingerprint profile of the compounds that present in herbal medicines and its derivative products.
The fingerprint analysis using TLC has a long history in almost all pharmacopeias for its use in the identification and authentication of medicinal plants [3] . Visualization (so-called fingerprinting) of the entire pattern of compounds that present in an herbal drug or preparation is therefore fundamental in the quality and stability testing of raw materials and herbal product [4] . This technique has been applied for distinguishing between Puerariae Lobate and P. Thomsonii [5] , monitoring the origin of wine [6] , differentiation Bistorta rhizomes from closely related herbs [7] , detection of adulteration of Black cohosh [8] and identification and authentication of Hoodia gordonii raw material and products [9] [10] . In this paper, we have developed a TLC fingerprint analysis providing sufficient qualitative information for identification, authentication and differentiation of C. longa, C. xanthorrhiza and Z. cassumunar. This TLC technique which will be coupled with detection system has several advantages, such as rapid, simple, inexpensive, reliable and specific.
EXPERIMENTAL SECTION

Materials
Samples of turmeric, java turmeric and cassumunar ginger were collected from 8 locations in Java Island (Table 1) and voucher specimen of all samples was deposited in Biopharmaca Research Center-Bogor Agricultural University. Curcumin, demethoxycurcumin and bisdemethoxycurcumin were kindly donated from Prof. J.K. Hwang (Yonsei University, South Korea). Silica gel 60 F 254 TLC plates (Darmstadt, Germany) were used for TLC fingerprint analysis. All solvents used were analytical grade and obtained from Merck or Sigma-Aldrich (St. Louis, USA).
Instrumentation
TLC fingerprint was carried out using semiautomated TLC system including semi-automatic TLC sampler Linomat IV (connected to a nitrogen tank), flat bottom chamber and documentation device Reprostar 3 with winCATS version 1.2.3. planar chromatography manager software (CAMAG, Muttenz, Switzerland).
Procedure
Sample and Standard Preparation
The powdered samples were extracted using ethanol by maceration according to the method described in Monograph Extract of Indonesian Medicinal Plant Volume 1 [11] and repeated three times to maximize extraction efficiency. The extracts were filtered (Whatman No. 2) and concentrated under vacuum at 30°C using a rotary evaporator (Büchi, Switzerland). The dried extracts were dissolved in ethanol with a final concentration of 1000 µg/mL prior to TLC fingerprint analysis. Standard solutions were prepared by dissolving curcurmin, demethoxycurcumin and bisdemethoxycurcumin in ethanol with a final concentration of 100 µg/mL.
TLC Fingerprint Analysis
Sample and standard solutions were applied to plates using TLC semiautomatic sampler Linomat IV with application volume of 10 µL. Temperature and humidity were not controlled via the TLC system but the experiments were carried out in a temperature controlled laboratory. Plates were developed with chloroformdichloromethane (32.5:67.5 v/v) in a flat bottom chamber previously saturated with the mobile phase. After developing over a path of 80 mm, the plate was air-dried. To visualize the chromatogram, plate were documented 
RESULT AND DISCUSSION
Differentiation of closely related medicinal plants is very important to carry out for identification and authentication the raw materials of herbal medicines in order to prevent adulteration in the herbal medicines industry. Turmeric, java turmeric and cassumunar ginger is closely related species belongs to the Zingiberaceae family, so, they have similarity on the appearance especially in powdered form and chemicals composition but posses different pharmacological activities, so it can be sources for adulteration in the herbal medicines product containing one of these three rhizomes. TLC fingerprint analysis is one of the techniques frequently used for evaluation the quality of herbal medicines. This technique commonly used for identification, differentiation and authentication of raw and extract of herbal medicines [12] .
Chromatographic conditions such as the mobile phase (solvent and ratio) have been optimized firstly before applied to all samples from different locations. TLC fingerprint analysis for all samples used was made using silica gel 60 F 254 as a stationary phase and chloroform-dichloromethane (32.5:67.5) as a mobile phase. Visualization of the separate zones in the TLC chromatogram was documented using UV (254 and (Fig. 1) we can identify, differentiate and verify the authenticity of the herbs tested with a marker zones which only appeared in one herb. Visualization with a visible light detection only 1 sharp yellow zone at Rf 0.37 as well as 2 slightly yellow zones at Rf 0.14 and 0.37 are appeared. The Rf values corresponding to 0.05, 0.14 and 0.37 represent curcumin, demethoxycurcumin, and bisdemethoxycurcumin, respectively. From this result, visualization on UV 254 nm gives more detectable component compared to the UV 366 nm and visible light. So this mode of detection was chosen for differentiation of the three herbs tested.
The method was applied to a total of 24 samples from various location of natural variability within each species and detected differences in the fingerprints. TLC fingerprints were evaluated under UV 254 nm (Fig.  2) . Some of the samples show only a few or very weak zones. This may be caused by age or improper storage. Turmeric can be differentiating from java turmeric and cassumunar ginger with a 2 marker zone at Rf 0.23 and 0.47 respectively. Java turmeric has a characteristic zone at Rf 0.29 but only appear on 5 samples. Cassumunar ginger have a strong absorption zone at Rf 0.27 and not detectable in turmeric and java turmeric. So, it is possible to differentiate those herbs by choosing those selected marker zones from the TLC fingerprints obtained.
CONCLUSION
In this work, TLC fingerprints with a stationary phase from silica gel 60 F 254 , mobile phase chloroformdichloromethane (32.5:67.5) and detection of zone using UV 254 nm were adequate for differentiation of turmeric, java turmeric and cassumunar ginger. This quality control method could be used for identification and authentication purposes by regulatory authority or jamu industry in order to prevent adulteration in herbal medicines.
